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IN FOUR-ENGINE HEAVY BOMBER
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SUMMARY

In order to relleve the limltations imposed by improper engine
cooling on the performance of a four-engine heavy bomber, the NACA
has conducted a flight investigation to improve the cooling cherac-
teristics of the installation of a double~row redial englne. The
tests reported herein concern the use of the NACA inJectlion impeller
and ducted head baffles in various combinations on both the port
inboard and the port outboard engines. The performance of the
modifled instellatlion was evaluated by comparing it with that of
the standard engines.

It was found that use of the NACA injection impellar reduced
the spread bf fuel-alr ratios among the cylinders to less than one-
half its original value. As & result of improved mixture distribu-
tlon, the maximum cylinder temperetures ceused by poor mixture dis-
tribution were reduced and responded normally to cenrichment cooling.
The difference between the temperatures of the hottest and coldest
cylinders was decreased. Ducted head baffles, designed to provide
additional cooling alr for the critical temperature regions of the
rear-rov cylinders, reduced the temperatures of the exhaust-valve °
seats approximately S50° F. Results of the flight cooling investiga-
tion were in substantial agreement with previously determined test-
stand performence of the modifled engine.

The NACA injectlon ilmpeller in ccmblnatlon with ducted head -
baffles on a few of the hottest cylinders proved matlsfactory for
the particular engine tested. Because the same cylinders -do not
develop the highest temperaturse in all engines of the same type,
the NACA Injection impeller and ducted head baffles on all rear-row
cylinders was found to be a more adaptable arrangemsent. An analysis
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of the cooling data indiceted that the vse of these modifications
reduced the pressure drop required to cool the exhausti-valve seat
to one-half the original value: Conssquently for all conditions

at which cooling 1s possible with the standard engine Installation,
proper cooling of the exheust-valve seet may be attalned of the
modified engine installation with a cowl-flap engle of less than 4°.

INTRODUCTION

Because inadequate engine cooling has limited the performance
of the four-ongine heavy bamber, the NACA hes investigated means to
improve the cooling of the double-row radial alr-cooled engines
installed 1n this airplane. Fallure of the exhaust valve and exhaust-
valve seat 18 one of the @ifficulties encountered most frequently.
S8ingle~cylinder tests have demonstrated that the fallure develops pro-
greeslvely after warping of tho exhaust-valve seat which apparently
resulted from nonuniform heating. ILarge differences in the tempera-
tures of various cylinders, vhich exist at nearly all flying condi-
tions, make 1t difficult to meintaln the temperature of each exhaust-
valve seat below the value at which warping becomes dengerous. In
order to prevent engine faillures through overheating, it hae been
necessary to fly eilther with large cowl-flap angles or with very rich
mixtures.

The dlfferences betweeén the exhaust-valve-seat temperatures of
various cylinders may be resolved into the difference between the
averege temperatures of' the two cylinder rows and the temperature
varlation between the cylinders of a given row. In the englnes used
in this investigatlicn, the exhaust ports of the front-row cylinders
face the front of the engine instead of the rear as do the cylinders
in the rear row. Consequently the criticel exhaust-valve-seat areas
of the front-row cylinders are cooled more adequately end operate at
a lower temperature level than the critical areas of the reer-row
cylindors. The clrcumferential temperature varlation, that is, the
temperature varlation between cylinders of one row, may be attrib-
uted to nonuniform charge-alr and mixture distribution as well as to
irregular cooling-air flow resulting from engine cowling character-
istics and eirplane flight attitude.

In order to improve the mixture distribution and to reduce the
exhuust-valve-seat tempsratures of the rear-row cylinders, the NACA
injection impeller and speclal ducted head baffles were designed and
edapted to the double-row radial engine. Tost-cell investigations
with this englne showed that remarkably uniform mixture distribution
could be attained through use of the injection impeller (reference 1)
and that ducted head baffles (reference 2), designed to conduct cool
alr over the exhasust-valve reglons of the rear-row cyllinders, were very
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effective in reducing the temperatures of the rear-row cylinders.
Flight tests with the four-engine heevy bamber were therefore
undertaken to substantiate these improvements under actual flight
operation.

The present report discusses the effect of the NACA inJectlon
impeller and the ducted head baffles on the mixture distribution,
the temperature dlstribution, eand the cooling characteristics of
the standard double-row radiel engine determined in level-flight
teste of the bomber. The investigation was conducted at the :
request of the Army Alr Forces, Alr Technical Service Cammand, at
the Cleveland laboratory of the KACA.

ATPARATUS AND INSTRUMENTATION

The airplano and engines. - The B-29 airplane (fig. 1) 1s a
long-range, high-altitude bamber powered by four R-3350-23 engines.
The elrplane has a wing span of 143 foet, a wing area of approxi-
metely 1750 square feet, and a gross weight of between 80,000 and
140,000 pounds, éeponding on the fuel and bomb loads. Each of the
double-row radilal air-cooled engines hes & normal rating of 2000
brake horserower at 2400 rpm and a taks-off rating of 2200 brake
horsepower at 2600 rpm. In addition to the single-speed englne-
stage supercharger, two turbosuperchargers operating in parallel
are used in the installation of each of the four englnes. The
steandard carburetors used during the flight tests were calibrated
for air flow and were checked to essure correct metering charec-
teristics. The fuel used conformed to AN-F-28 specificatlons,
Performance grede 130.

Cowl flaps 16 inches long and a.pproximately 17 inches wilde
et the hinge are located around 300° of the circumfersnce of each
nacelle; no cowl flaps are provided at the bottom of the nacelle
owing to the presence of the alr-inteke duct. The two flaps at
the top of the cowl have a fixed opening of approximately 9° and
all other flaps have a useful open range from 2° to 16°.

NACA injectlon ller. - The NACA inJection Impeller
shown in figure 2 was designed (reference 1) for use with the
double~row radial engine. The metered fuel from the carburetor
is fed to a statlonary nozzle ring end 1s dellivered from the
nozzle ring Into the collector cup that rotates with the impeller.
An alr gap, which ls provided betweoen the nozzle ring and the
rotating collector cup, was designed to prevent surging in the
fuel system. The fuel thrown to the surface of the collector by
the rotating vaned fuel inducer flows by centrifugal action
through the collector cup and the impeller transfer passages to



4 NACA MR No. ESDL3

the fuel-distridbution amnulus. From the fuel-distridbution annulus,
the fuel 1s thrown by centrifugsl action through radial holes into
the alr stream of the impeller passeges. The installatlon of the
Injection Ilmpeller edds negliglble welght to the englmns.

Ducted head baffleg. - Ducted head baffles (fig. 3) were adapted
to the double-row radisl engine as described in reference 2. The
standard cylinder-head baffle for the rear-row cylinders of the engine
wes changed to accommodate & 3-inch-dlameter duct extending over the
kead baffle end downward (fig. 3) at the rear of the cylinder. The
exit furnishes the horizontal cooling fins adJacent to the exheust
port with a direct blast of cold air that has not previously contacted
any hot surfaces. The lower end of the duct 1s fastened to the cyl-
Inder by means of a stud screwed into the thermocouple boss at the
rear of the cylinder head. The baffle modifications lncreased the
vwolght of the cylinder 0.S0 pound.

Instrumentation. - All the tests were conducted on the port
inboard and outboard engines of the bomber. The engine Instrumenta-
tlon was restricted to the minimum required to indicate the perform-
ance of the NACA inJectlon impellsr and ducted head baffles. Cyl-
Inder temperatures of the test engines were measured by thermocouples
on the rear spark-plug gasket of all cylinders and by thermocouples
embsdded I1n the exhaust-valve seat of the rear-row cylinders. The
fuel flow was measured by means of rotemeters and the flow of charge
alr was calculated from the unccmpensated carburetor metering pres-
sure. The temperature and pressure of the charge alr were measured
by two thermocouples in the intercooler elbow and by impact tubes at
the carburetor Inlet. Torque noses installed on both test engines
and the standard engine tachameters provided data for calculating the
engine power.

Indicated airspeed was computed from readings of a stendard
NACA shlelded total-pressurs tube and swiveling static-pressure tube
mounted on a boom extending 1 chord length ahead of the port wing
tip. The pressure altitude was measured with a sensitive altimeter.
The angle of the cowl-flap opening was observed through use of
calibrated position tranemltters and indicators.

TEST PROCEDURE AFD METHOD OF ANALYSIS

In order to evaluate the effect of the engine modifications,
the cooling characteristics of the standard double-row radial engine
installation for the alrplane were Investigated in level-flight tests.
These flight tests revealed the nature and severity of the cooling
difficulties. Comparable tests were then made with various modified
engine Installations; each intended to correct or compensate for scme
factor contributing to improper cocling. Although the cooling problem
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was foimd to be more severe on the inboard engine than on the ouybt-
board engine, both port engines were used to test impeller injection
end the baffle modifications in ordexr to eliminate umnecesaary
changes of installation. The modifications were tested in the
following combinations:

Inbodrd engine
Injection impeller
Injection impeller and ducted head baffles on five
. hottest rear-row cylinders
Injection impeller and ducted head baffles on all
rear-row cylinders

Qutboard engine
Ducted head baffles on all rear-row cylinders
Injection impeller and ducted head 'baffles on all
rear-row cylinders

The flight test of the standard engine and of the enginses
equipped wlth the NACA IlnJlectlion impeller and ducted head bafiles
on all rear-row cylinders were made over the complete range of
engline powers, fuel-air ratios, and cowl-flap engles. The Investi-~
gations of the Intermediate modifications covered the complete
range of mixture strengthe but were usually restricted to 1450 and
1670 brake horsepower at a cowl-flap angle of 10°. The relation
between engine speed and power was maintained according to a
Propeller-load curve based on rated engine conditions. All flight
tests were made at a pressure altitude of 10,000 feet and with an
alrplane weight of approximately 95,000 pounds. Measurements of
cylinder temperatures, fuel flow, charge-air flow, and usual engine
variables were made for the port inboard and port ocutboard engines.

Because it was necessary to .correct the cylinder-temperature
readings for the variation of amblent-air temperature and because
it was found desirable to interpolate between actual test values,
the cooling date were correlated in the manner described in refer-
ence 3. Reasonable estimates and extrapolations of avallable data
were substituted where the required measurements were not teken.
The following table lists the data required for each test condition
as well as the source or method used to obtaln thelr values for the
rosent tests:
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Data required Source or method of calculation

Cylinder temperatures |Measured at rear spark-plug gasket of
all cylinders and et exhaust-valve
seat of rear-row cyllnders

Cooling-air temperature| Free-stream stegnation temperature

Carburetor inlet-alr Measured at carburetor deck
temperature

Fuel-alr ratio Calculeted from fuel flow and charge-
gir welght flow

Charge-air weight flow |Calculated from uncompensated
metering pressure

Engine speed Measured
Cooling-alr pressure Estimated from results of unpublished
drop across engine vind-tunnel tests of the englme
installation

Inasmuch as no engline pressure measurements were made during
the flight tests, the cooling-alr pressure drop was estimated from
the free-gtream dynemic pressure and the cowl-flup opening. Unpub-
lished data from wind-tumnel tests provided the required relation
between cowl-flep engle and the fraction of free-stream dynarmic
pressure available for cooling-air pressure drop. These values were
corracted for tunnel wall interference by applying the correction
described in reference 4 to the pressure downstream of the engine
rather than to the pressure at the cowl-flap exit. Becsuse the
nacelle is not of circular cross section, the correctlion may have
been slightly underestimated.

The coollng deta taken at various engine conditions and
conling-air pressure drops were corrclated by use of the relation

m
o Ta K(Men/m\ : (1)
T - T, \otp / '

where
Ty, cylinder-head temperature, Op

T, free-siream stagnation temperature, °F

a
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'J.‘g mean effective cambustion~gas temperature corrected for
; carburetor-air temperatiure and blower temperature rise, °F

M engine charge-alr weight flow, pounds per second
Ap eapproximate cooling-dir prassuré drop, inches of water

O ratio of amblent-air density to gtandard sea-level air
density P/P,, based on stendard Army summer atmospheric
conditions N

m,n empirical exponents

K constant of proportionality depending on cylinder heat-
tranafer areas and heat-tranasfer.coefficilients

The date available from the flight tests were not sufficient to
carry through the entire correlation procedure. The varlation of
TS with Puel-alr ratio, as well as the ratlio of the exponents n
was takon as that determined in refersnce S.

RESULTS AND DISCUSSION

Throughout the discussion the production double-row radial
engine and the engine using the injection impeller, the ducted head
baffles, or a cambination of both will be denoted standard and mod-
ified engines. respectively. For the direct temperature comparisons,
all cylinder temperatures have been corrected (reference 6) to a
cooling-alr temperature of 49° F, the temperature encountered during
the test of the standard engines. Because similar Iimprovements in
cooling performance were indicated by tests at both 1450 end 1670
brake horsepower, only those for 1450 brake horsepower need be con-
sidered. The temperatures of the exhaust-valve seats are used as
the basls of comparison and analysls.

Cooling Characteristics of the Standard Double-Row Radial Engine

Cyl.lhder temperatureg. - The reésults of the test-stand inves-
tigation (references 1 and 2) have established that, although the
average temperatures of the rear spark-plug gasket of the front-row
and the rear-row cylinders are nearly equal dur all normal oper-
ating- conditions, differences of approximately 80" F exlst between
the average temperatures of the front-row anmd the rear-row exhanst-
velve seats. Temperature patterns (fig. 4), typical of those
obtalned for -the port inboard and pert outboard engines during the
flight testes of the four-engine heavy bomber, show scmewhat higher -
temperatures at the spark-plug gaskets for the rear-row cylinders
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then for the front-row crlinders. Consequently, although the tem-
peretures of the exhauvst-valve seats for the froni-row cylinders
wore not measured., it appears that the temperatures of the rear-row
exhaust-valve seats would be at least 80° F hotter than those of the
front row. Because no consilstent variations between the average
fuel-alr ratios of the two rows have been observed (rafereunce 1), the
temperature differences evidently result from veriations of cooling-
alr flow and engine geomotry. This difficulty may be overccme, to a
large degree, by improvement in cocling-air flow over the critical
rezlions of the hot cylinders (reference 2).

The temperature patterns (figz. 4) also indicate that differ-
onces between the temperstures of the exhaust-valve seats for a glven
row may exceed 80° F. Inasmuch as a part of the circumferential
temperature variation results frowm the diffeorence 1n fuel=~aelr ratio
emong the cylinders of one row, Improvement of mixture distribution
" may be expected to reduce this temperature variation.

ixbure distribution, - For & given power amnd cooling~-air flow,
the tempera.ture of an air-cooled cylinder attains a maximum value at
e fusl-alr ratio of approximately 0.068. Likewise, the temperaturcs
for difforent cylinders of a multicylinder engine would reach thelr
maximum valuses et the seme over-all fuel-alr ratlo only 1f the
individual fvel-alr ratios were equal to the over-all fuel-air ratilo;
that i1s, if the mixture distribution were umiform. Consequently, the
.41ifference between the values of over-all fuel-alr ratio at which
the maximum temperature of various cylinders occur may be. used es an
indication of the variation of fuel-alr ratio among the cylinders.

From figure 5, in which the temperatures of the exhaust-valve
seat of the rear-row cylinders are vlotted against the over-all
fuesl-alr ratio, it appears that the mixture distributions Iin both
“the standard inboard and the standerd outboard engines are extremely
nonuniform and that the outboard onglne 1s considerably worse than
the inboard engine. The variation of fuel-alr ratlio among cylinders
is ebout 0.013 for the inboard engine and is in excess of 0.020 for
the outboard engine. Because of this nonuniform mixture distri-
butlon, the cylinder temperatures do not reepond in a normal manmer
to enrichment cooling; for example, the maximum cylinder temporature
of the port outboard engine (fig. 5) increases as the over-all fuel-
alr ratio 1s incroesed.

Correlation of cooling data. - Because the ducted head baffles
were installed on only the rear-row cylinders, the cooling data for
edch row were handled separately. -The correlation of coollhg data,
based on tho aversge temperatures of the rear spark-plug gasket, is
. shown in figure 6 for the front-row and the rear-row cylinders of
the stenderd port inboard engine’ on vhich the highest cylinﬂ.er
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temperatures were encountered. The relation between the cooling-~

air pressure-drop coefficlemt Ap(1l/2 pVZ) and the cowl-flap angle
used in estimating the cooling-eir pressure drop, and the, relation
between effectlve combustion-gas temperature and fuel-air ratiq at

a carburetor-deck temperature of O° F and at three engine speeds
(reference 5) are shown . in figures 7 and 8, respectively. When the
curves of figure & are applled, the'value of the effective combuation-
gas temperature must be increased by 0.8 of the carburetor-deck
temperature in °F.

The: interpretation of figure 6(b) in terms of the temperature
of the exhaust-valve seat necesslitates relating the temperatures
.of the reéar spark-plug gasket and the exhaust-valve seat for the
‘rear-row .cylinders. Because the valve seat and the rear spark-plug
gasket are located inside and outside the oylinder, respectively,
the valve seat is more responsive to power varlations and less
affected by verlations ln cooling-ailr flow, JFrom figure 9, where
the variation of the average exhaust-valve-seat temperature with
the average rear spark-plug-gasket temperature is glven for both
consteant power and constant cooling-alr flow, it is apparent that
no simple relation exigts -betweern the temperatures of the exhaust-
valve seat and the rear spark-plug gasket. Consequently, in order
to permit & genersl comparison of the temperatures of the exhaust-
velve seat before and after modiflication of the engine, the cooling
data were correlated (fig. 10) on the basis of the average exhaust-
valve seat temperature of the rear-row cylinders. The data of fig-
ure 9 were used for approximating the required emplrical sxponents.

The eppropriate constants for equation (1), when the cooling
data are correlated on the basis of the average temperature of ths
reoar spurk-plug gasketas and of the exhaust-valve seats, are given
in the followling table:

Cylinder-head temperatures K| =l n

* Average rear spark-plug-gesket]0.490.35[0.60
temperature of front-row ’
cylinders -

Average rear spark-plug-gesket| .53| .35 .60
temperature of rear-row
cylinders . .
Averege exhaust-valve-seat " .6T| .28| .66
temperature of rear-row ‘ - B
cylinders .

The low value of the expomémt m: corresponding to the exhaust-
valve seat indicates the lneffectiveness of air cooling on the
critical intermnal regions of the cylinders.
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Inasmuch as the cooling of the englne installation is limited
by the hottest rear-row exhaust-valve seat instead of the average
values used in equation (1) end correlated in figure 10, the
approximate relation between the hottest and the average temperature
of the rear-row exhaust-valve seat 1s given in figure 11 for the
port inboard engins. Because temperature veriations may result
from maall inconsistenclies between englnes or cylinders of the same
type, the relation 1s not necessarily the same for other engines.

Cooling Characteristics of the Modified Double-Row Radial Engine

Effect of the NACA injection impeller on mixture distribution. -
Improvement in the mixture distribution and reduction of the maxi-

mm cylinder temperatures (figs. 12 and 13) resulted from the
Installation of the NACA inJection impeller on the port inboard
engine of the four-engine heavy bamber. The variation in tempera-
tures of the exhaust-valve seat with over-all fusl-air ratio (fig. 12)
shows the mixture distribution for the modifled installetion to be
considerably improved. The mixture distribution of the stendard port
inboard engine, as was previously noted, was relatively uniform and
consequently the improvement is definite but not striking. The effect
of the Injection Impeller is clarified further in Ffigure 13(a), which
shows the change in the cylinder temperature pattern resulting from
the more uniform mixture distribution. The temperatures of relatively
few cylindors were affectod, but generally it was these cylinders that
had beon hot because of excessively lean operation. As a result, the
meximum exhaust-valve-seat temperatures (fig. 13(b)), while not appre-
clably changed at lean mixtures, show significant reductlions below
that of the standerd engine as the mixture 1s enriched. The tempera-
ture response of the hottest cylinder to mixture onrichment, which may
be severcly disrupted by poor mixture distribution, has been improved
elightly. Use of the NACA injection Impeller reduced the temperature
gpread, the difference between the temperatures of the hottest and
coldest cylinders (fig. 13(c)), about 25° F for all but the leanest
fuel-ailr ratios.

Effect of ducted head baffles on cylinder temperatures. -
Ducted head baffles were installed on all roar-row cylinders of the
port outboard enginc and were tosted at several values of engine
power and over a range of fuel-alr ratios. Tho resulting cylinder
temperatures are compared in figure 14 with those taken at comparable
conditions using the stendard head baffles.

The temperature-distribution pattern (fig. 14(a)), although of
the same gemneral shepe as that for the standard engine, was lowered
more than 50° F for all cylinders by the addition of the ducted head
baffles. These results compare favorably with those of the original
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tegt-stand tests (reference 2). The maximum cylinder temperature
(fig. 14(b)) was reduced by approximatsly the same magnitude for
all ‘mixture- strengths. - The response -of. the meximum temperature to
mixture enrichment was, of course, not affected by the addition of
ducted head bafflea. The temperature.reduction appeared to be con-
sistent for all engine powers tested. Beocause the baffle modifica-
tion was similar for all rear-row cylinders, the temperature spreed
(f1g. 14(c)) was unaffected by -the ducted head baffles.

Combined effects of NACA injection impeller and duoted head
beffles on cylinder temperstures. - Inasmuch as the ducted hoad

baffles handle more alr than the standerd baffles and in this manner
augment the momentum drag of the engine installation, it appeared
deslrable to use the fewest duotad head baffles conslstent with
proper cooling of the rear-row cylinders. Several problems arlse

in selecting the cylinders on which to install the ducted baffles.

As indicated in figure 5(b), nonuniform mixture distribution may
cuuse a camplete intercheange of hottest and coldest cylinders,
depending on the over=all fyel-air ratio. This difficulty may
largely be overcome by using the NACA injection impeller to improve
the mixture distribution. Inherent differences between englmes of
the same type (fig. 4), however, present a definite and unpredictable
obstacle. Consequently, only e limited number of tests were made with
ducted heed baffles on selected cylinders. Use of the injection
Impeller together with ducted head baffles on all rear-row oylinders
wag lnvestlgated thoroughly.

The cylinder tsmpereturs patterms (fig. 15) were greatly
improved through use of the NACA injection impeller and ducted head
baffles on cylinders 1, 3, 5, 7, and 17. Not only wae the maximum
cylinder temperature and the temperature spread reduced at the
conditlons of figure 15(a), but improvements of the same magnitude
were present (fige.15(b) and 15(c)) for the range of fuel-air ratios
covered. Because the tests of the modified engine were conducted
with a cowl-flap angle of 6° whereas those of the standard engine
were made with a cowl-flap angle of 10°, the cylinder temperatures -
were actually reduced by a greater amount than is shown in figure 15.
Because of this difference in the teat.conditions, the tempesratures
of- the unaltered oylinders do not oheck between tests of the standard
and the modified installationm., .

Results of tests using the NACA injection impeller in conjunction
with ducted head baffles on all rear-row cylinders of the port out-
boerd engine (fig. 16) show the cambined sffects of both modifications
on the cylinder temperdtures. A similar configuration was tested on
the 'port inboard engine. In addition to the genéral reduction of
cylinder tempsratures that was observed with use of the ducted head
baffles alone (fig. 14), the notable featurss are the improvement in



l2 NACA MR No. ESD13

temperature response to mixture enrichment (fig. 16(b)) and the
reduction of the temporature spread at high fuel-air ratios

(fig. 16(c)). The lerge values of temperature spread for the stand-
ard port outboard engine substantiate the observation that the
mixture-distribution problem i1s more severs on the port outboard
engine than on the port inboard engine. The improvement of mixture
distribution through use of the inJlection impeller (fig. 16(c)) ie
shown more clearly by figure 17, where the temperature varlation of
the rear-row exhasust-velve seats with over-all fuel-alr ratio 1s
glven. This camparison indicates that the difierence between the
fuel-alr ratios of tho richest and the leansst cylinders has been
reduced to loss than 0.010 from values in excess of 0.020. The
goneral temperature reduction resulting from use of the ducted head
baffles (fig. 17(b)) does not affect the comparison of fuel-air-retio
sPreads.

Correlation of cooling date. - In order to complete the com-
parison between the standerd double-row radlel engine and the same
ongine using the NACA iInjection impeller and ducted head baffles on
all rear-row cylinders, the cooling data were correlated using the
cooling-air pressure-dron avproximation of figure 7. The cooling
Performance of the standard and modifled port inboard englnes 1s
compared in figure 18, where the average temperature of the exhaust-
valve seat 1s used as the criterion of cooling. The following table
glves the constants of the correlatlon equation for both the stand-
ard and the modified enginss.

K n m

Standard engine 0.67 0.66 0.28
Modified engine «56 .66 .28

The relation between the average and maximum temperature of the
rear-row exhaust~valvo seat 1s given in figure 19 for the englne
using both the FACA injection impeller and the ducted head baffles
on all rear-row cylinders.

The cooling-correlatlon curves for the standard engline and for
the engline using both NACA InJjoction impeller end ducted head baffles
(fig. 18) indicate that for given engine conditions (values of M,
end Tg) end atmospheric conditions (values of O and Ty), the

cooling-air pressure drop required by the modified engine to attain
& given exhaust-valve-seat temperature is only half that required by
the stendard engine. If the exhaust-valve seat is the limiting
cylinder temperature, thie reduction of cooling-alr pressure require-
ment permits the use of smaller cowl-flap openings, which leads to
greater alrplene speede and increased crulsing economy. The allow-
able reduction of cowl-flep angle may, to a first approximation, be
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estimated from figure 7. Inasmuch as e cowl-flap angle of 16° is
the maximum normally employed, cooling at any condition for which
opereation is possible with the stendard installatlon may, when
using the NACA injection impeller and ducted head baffles, be
attained with a cowl-flep engle of less than 4°, thet is, with half
the cooling-air pressure drop. This result indicates that extrems
operating condltlons excluded by the cooling limitations of the
standard engine may be employed. successfully with the modified -
engine. )

SUMMARY OF RESULTS

The following results were obtained from a flight investigatlion
of the cooling performence of a double-row radiaml air-cooled engine
Installed in a four-engino heavy bomber and the same engine modifiled
by using the HACA injection impeller and ducted head baffles:

1. The use of the NACA injectlon impeller reduced the fuel-
alr-ratio spread emong cylindors to less than one-half its original
valus. This improvement in mixture distribution is of the same
magnitude a8 was shown in a previous test-stand investigation.

2. The maximm exbhaust-valve-seet temperature of the rear=-row
cylinders was reduced approximateoly 50° F by uso of the ducted head
baffles. This reduction is of the same order es that shown in the
tost~stand investigation.

3. Whon high cylinder temperaturc resulted from poor mixture
distribution, use of the NACA injection impeller reduced the maxi-
mum cylinder tcmperatures as well as the temperature sproad and
Provided normal enrichment cooling.

4. Limited tests demonstrated that the use of the NACA inJjec-
tlon Impeller and the ducted head baffles on a few seslected rcar-row
cylindors reduced the maximum exhaust-valve-seat tsmporatures
approximately 50° F and. tho temperature spread to less than 45° F.

5. Tests on the port inboard ongine using the NACA injoction
impeller and the ducted head baffles on all rear-row cylinders showed
that the cooling-air pressure drop required to cool the critical
reglon around the exhaust-valve seat of the rear-row cylinders wes
reduced to half its normsl valuse.




14 HACA MR No. ESD13

6. Because of the reduced pressure drop required for cooling the
modifled ongine, tests indicated that for all condlitlons at which .
cooling of the rear-row exhaust-valve seats was posslble with the
standard engline instellation, proper cooling can be attained for the
modified engine with a cowl-flap angle of less than 4°.

Alrcraft Engine Research Laboratory,
National Advisory Committee for Aeroneutics,
Cleveland, Chio, April 13, 1945.
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to air temperature of 49° F.
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